We test for efficiency in the market for Swedish co-ops by examining the negative relationship between the sales price and the present value of future monthly payments or 'rents'. If the co-op housing market is efficient, the present value of co-op rental payments due to underlying debt obligations of the cooperative should be fully reflected in the sales price. However, we find that, on average, a one hundred kronor increase in the present value of future rents only leads to an approximately 75 kronor reduction in the sales price; co-ops with higher rents are thus relatively overpriced compared to those with lower rents. We also find that these inefficiencies are larger at the lower end of the housing market and in poorer, less educated regions (though they are still observed in all geographic regions). These findings appear to reflect both the role played by liquidity constraints in price formation and there being more informed and 'sophisticated' buyers in higher educated areas who push prices closer to efficiency. Overall, our findings suggest that there is some systematic failure to properly discount the future stream of rent payments relative to the up front sales price.
Introduction
For the majority of households, the purchase of a home is the largest financial decision of their lives. One may therefore assume that housing market transactions are conducted by agents who have carefully evaluated all available information and that the resulting prices reflect that information. A growing number of studies, many of which are based on time-series of home sales and rental data, therefore test whether housing prices are in fact informationally efficient. Cooperatives are distinct from condominiums in that the purchaser of a unit in a cooperative housing association is formally buying a share in the cooperative, along with the non-time-restricted right to occupy the unit, i.e. the actual apartment. Owners of a co-op unit must make a monthly payment comprised of maintenance fees and the capital costs attributed to the cooperative's debt. For the remainder of the paper, we will refer to the total of these monthly payments as 'rents'. The capital costs component derives from the fact that the formal owner of a co-op unit is the cooperative association; the cooperative can have its own debts, which are serviced through the collection of rents from the members of the cooperative, i.e. the indirect owners of the cooperative apartments. These implicit interest payments in the monthly co-op rents are on top of any direct mortgage service obligations that the home buyer may have incurred. Thus, only part of the true cost of owning a co-op unit is reflected in the actual sales price; the remaining cost is reflected in the monthly rent. The total value of a co-op unit can therefore be expressed as the sum of its sales price and the discounted value of the cooperative 1 Most related to the current paper are Meese and Wallace (1994) and Gallin (2005) . Other studies that consider aspects of housing market efficiency include Case and Shiller (1989, 1990) , Case and Quigley (1991) , Guntermann and Norrbin (1991) , Gatzlaff (1994) , Berg and Lyhagen (1998) , Englund et al. (1999) , Hill et al. (1999) , Malpezzi (1999) , Rosenthal (1999) , Hwang and Quigley (2002 , 2004 ), and Hwang et. al. (2006 . financing component of the future monthly rent payments, i.e. rent excluding the maintenance fee component.
This simple present value relationship provides the starting point for our analysis. In particular, if markets are efficient, there should be an inverse one-to-one relationship between prices and discounted rents. That is, if the present value of rents goes up by one unit, prices should decrease by one unit.
Although this analysis relies on Swedish data, there is no reason to believe that the findings cannot be extended to housing markets in other countries or, indeed, to non-cooperative forms of housing. Co-ops are also quite common in many other countries, including Finland and Canada, and in certain cities in the U.S., such as New York, where they tend to dominate the market for owner occupied apartments. 2 More generally, our test of market efficiency is a test of proper discounting, or comparison, of future payments relative to upfront costs. This is strongly related to traditional tests of housing market efficiency, which compare house price indices to present values of rent-cost indices (e.g., Meese and Wallace, 1994) . The major drawback of this traditional approach is that rent and price indices are, for obvious reasons, not based on the same housing units or, more importantly, units that necessarily have comparable characteristics; Glaeser and Gyourko (2007) provide evidence that this is in fact the case and argue against the robustness of empirical analyses based on rent-price comparisons. In addition, these types of analyses rely on the time-series properties of the housing market data, which may be partly determined by frictions in the market; Meese and Wallace (1994) try to get around this second issue by considering tests of efficiency in the long-run, where short-run market frictions should play no role.
2 Co-ops have also been increasing in popularity in the 1990s and 2000s in a number of U.S. cities, including Chicago, Washington, D.C, and Miami. For an extensive analysis of co-ops in New York, see Schill et. al. (2004) .
In contrast, by utilizing the fact that a co-op has both a price and a rent component, we can test a present value relationship by comparing across co-op units, rather than between rental and owner occupied units. This offers several advantages. The buy versus rent decision is a very large one for most households, and may depend on many factors, not all of which are of a financial nature. By focusing on actual co-op purchases, we eliminate this part of the decision making process and therefore expect a cleaner present value relationship. Cross-sectional transaction data also alleviates concerns about the time-series properties of the data. Finally, in our setup, there is a clear theoretical cross-sectional relationship between rents and prices;
deviations from this relationship are easily translated into actual measures of miss-pricing.
Our analysis is based on a data set of more than 30,000 Swedish co-op transactions between 2002 and 2005 and hedonic price regressions that relate co-op sales prices to the present value of future rents. Our preferred specification controls for a variety of apartment characteristics, unobservable neighborhood characteristics through zip code fixed effects, and national and regional time trends. We find that an increase in discounted rents of 100 Swedish kronor (SEK) only leads to a decrease in price of about 75 SEK. On average, co-ops with high rents are thus relatively over-priced. This result cannot be explained away by potential changes in future rents or interest rates. For instance, buyers need to have extremely risk-averse beliefs regarding the paths of future interest rates to reconcile our estimates with market efficiency.
An alternative hypothesis that may explain these findings is that not all buyers have a common discount rate, as our baseline specification assumes. Rather, some may have substantially higher discount rates due to liquidity constraints; that is, home buyers who cannot make the necessary down payment will face a higher marginal mortgage rate. To explore this scenario, we redo our analysis for sub-samples of the data grouped on apartment size. One may expect apartment size to be a reasonable proxy for liquidity, as poorer and first time buyers, i.e.
those most likely to be constrained, are those most likely to buy the smallest apartments. Even for the largest apartments, however, we find evidence of inefficiency; it is thus hard to argue that liquidity constraints can be the sole explanation for our findings. In addition, even if we allow a two percent top loan markup, which should be at the high end of the spectrum, there is still strong evidence of inefficiency at the lower end of the market (i.e. small apartments). Thus, liquidity constraints potentially play a role in the price formation in certain parts of the market, but cannot explain the overall inefficiency observed.
Similarly, we estimate our basic model separately for each parish or county in our data.
We find evidence of inefficiency in 57 of 70 parishes, including those at both ends of the socioeconomic spectrum. However, these inefficiencies tend to be greater in poorer and less educated parishes. While these findings are likely to partly reflect the liquidity constraints described above, they are also consistent with there being more informed and 'sophisticated' buyers in higher educated areas who push prices closer to efficiency. Further analyses that group the data jointly on apartment size and education level provide evidence that both liquidity constraints and 'sophistication' are relevant to explain our findings.
Overall, our findings suggest that there is some systematic failure to properly discount the future stream of rent payments relative to the upfront sales price. This is in line with the timeseries results reported in the literature, which typically show that house prices tend not to be efficient (e.g Case and Shiller, 1989, 1990) . The heterogeneity across different groups of buyers is also consistent with recent findings in the emerging household finance literature. In a series of papers, Campbell (2006) and Sodini (2007, 2008) document that higher-educated and wealthier households are more likely to satisfy the predictions of standard financial models.
The rest of the paper proceeds as follows. Section 2 provides background information about the Swedish co-op housing market. Section 3 outlines the theoretical relationship between prices and rents and discusses the calculation of the present value of future rent payments. In addition, it presents the econometric model and discusses the potential identification issue of omitted variables. Section 4 describes the data and Section 5 presents the main empirical results, including an analysis of how sensitive the findings are to assumptions about future rents and interest rates. Section 6 explores whether the findings of inefficiency are heterogeneous across parishes and socioeconomic characteristics and discusses alternative explanations of these findings, including the potential role of risk premia. Section 7 concludes.
The Swedish Cooperative Market

Overview and Market Characteristics
Cooperative (co-op) ownership is the only way to own an apartment in Sweden; condominiums do not exist as an alternative. Apart from single family houses, co-ops are therefore the only other form of owner-occupied housing, and in central areas of most cities, the only alternative to rental apartments. The Swedish housing market, and especially the co-op market, is generally characterized by few market frictions and low transaction costs, including minimal mortgage fees.
The purchase of a co-op unit entails ownership of a share of the cooperative, as well as membership in the cooperative association. The share ownership is not time-restricted in any sense. Though co-op purchasers do not have actual property rights over the apartment unit, they are free to renovate and otherwise modify their apartments in the same manner as a condominium owner.
Technically, a new owner of a co-op share needs to be approved by the co-op board, but this is primarily a formality and rejections are extremely rare. Co-ops in Sweden are intended to be occupied by their actual owners and cannot be rented out to a third party without board approval; the co-op board does commonly exercise its powers in this respect. There are some time limited exceptions, such as studying or working abroad for a fixed period of time, but it is usually difficult to get permission for more than a few years. The motivation behind these rules is that the co-op is not intended as an investment vehicle but as an owner-occupied form of living. 
Rent Determination
The cooperative association faces two sorts of costs. First, there are the costs of maintaining all interior and exterior common areas as well as other maintenance costs that may be shared among the members. Second, the cooperative as a whole may have loans that need to be serviced. These costs are met by collecting monthly payments, or 'rents', from the association members, which are based on the size of their shares in the cooperative and typically are fairly linear functions of apartment size.
When a co-op is initially formed and the shares are sold, either by a residential developer or through a conversion of rental units to co-op units, the founders can decide how much of the total cost of the shares will be paid upfront by the buyers and how much of it will be financed by mortgages taken out by the cooperative itself. If the cooperative opts to finance a larger amount, then higher monthly rents are necessary. Ceteris paribus, higher rents should therefore imply a lower price. It should be stressed that given the size of an apartment's share in the cooperative, the rent will not be affected by individual characteristics of the apartment. That is, if an apartment gets renovated by the current owner, the increased standard of the apartment will only be reflected in the price of the apartment when it is next sold, not in its rent.
Differences in the capital cost component of the rent can thus arise from differences in the initial loans taken out by the cooperative at the time of its foundation. 5 In addition, a cooperative may at times acquire new loans to finance major renovations that are conducted by the cooperative as a whole, such as changing the electricity or sewage systems in the entire building. The initial variation is clearly predetermined and exogenous to our analysis. However, if the buyer of a certain co-op expects future renovations and, consequently, rent increases to occur, this could bias our results since the buyer perceives the long-run rent as higher than what we observe. Of course, this is only a problem for anticipated renovations, and subsequent rent increases. 6 Our empirical analysis therefore includes a test of whether such rent increases are in fact anticipated and finds no evidence that they are.
Modeling the Relationship between Prices and Rents
The purpose of this paper is to estimate the degree to which differing rents across apartments are accounted for in the sales prices of co-ops. The basic idea is that given two identical apartments with different rents, the difference in price between the two apartments 5 It is not clear what determines the proportions in this initial split. Indeed, given that the cooperative generally enjoys less advantageous tax deductions on its loans, it would typically be more efficient for the individual buyers to pay the total value of the co-op unit directly and carry all of the capital costs in the form of private mortgages. 6 Cooperatives typically have funds put aside over time to at least partially cover the costs of future renovations. Thus, many anticipated renovations should cause only minor, and most likely transient, changes in rents.
should equal the difference between the present values of all future rent payments. To account for the fact that apartments differ in dimensions other than rents, we rely on hedonic price regressions and control for a variety of apartment and neighborhood characteristics as well as trends over time.
Theoretical Motivation
As discussed previously, the rent on a co-op is comprised of a maintenance fee component and a capital cost component, which covers the cooperatives' financial costs in terms of mortgages and loans. In effect, a co-op purchaser takes on a share of the cooperatives' debt obligations, commensurate with the size of his share in the cooperative. Thus, the true price, or intrinsic value, of the co-op is actually the sum of the sales price and the present value of this future stream of capital cost payments. Consequently, the sales price should equal the intrinsic value less the present value of the capital cost payments. That is, for co-op i, ( ),
where P i is the sales price, V i is the intrinsic value, and C i is the capital cost component of the rent.
Equation (1) 
where it follows that under rational, or efficient, pricing, 1 θ = − . However, since the intrinsic value V i is not observed, equation (2) is not a directly testable relationship.
We therefore rely on hedonic price regressions to test this relationship. In such a framework, it is assumed that a vector of characteristics capture the value of the good. That is,
where X i includes the relevant characteristics of the co-op and i ς is a mean zero error term uncorrelated with X i . Consequently, ( ) ,
where, under the null hypothesis of efficient pricing, 1 θ = − .
Calculating the Present Value of the Rent
Consider two co-ops that have the same intrinsic value, but one costs P 1 and the other P 2 , and assume that the home buyers borrow at the prevailing mortgage rate m. If the efficient market hypothesis holds, it follows that the annual capital costs for these two co-ops should be identical:
where τ is the tax rate at which interest rate payments are deductible and C 1 and C 2 are the annual capital cost components of the rents. . 1 1
The terms on each side of this equation are, of course, equal to the price plus the discounted value of the future rent payments, under the assumption of a fixed discount rate equal to the (tax-adjusted) mortgage rate, ( )
, and fixed rents. The present value of the rent can easily be adjusted to allow for changing rents. Suppose rents were to decrease by a percent every year after the first year. In this case, it follows that
The capital cost part of the rent reflects the servicing of loans that the cooperative as a whole has incurred. If the rent covers only the interest rate payments on these loans, one would expect the rent to stay fixed in the future since the loan remains the same each year, provided interest rates stay constant. On the other hand, if the rent payments also include an amortization on these loans, one would expect the rent to decrease over time as the loan becomes smaller. That is, if the cooperative were to pay off one percent of their loans each year, this should translate into an average decrease in the rent of one percent per year. In practice, there might be a desire to smooth rents and decreases in the loan might therefore not be immediately reflected in the rents, but over the long-run, the relationship should hold. We discuss plausible levels of rent decreases and amortization rates in the empirical section. 9 Use of equation (7) to calculate present values also assumes that the rent payments continue indefinitely in the future. We find no evidence to the contrary when looking at annual statements for more than 100 cooperatives in Gothenburg;
thus, most loans that cooperatives have are, for our purposes, infinitely lived. That is, the rents paid to service these loans cover only interest rate payments plus the potential (proportional) amortization rates discussed in the empirical section.
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We thus calculate the present value of future discounted rents as i i C k , where
and m i is the mortgage rate faced by the purchaser of co-op i, a i is the rent decrease or, alternatively interpreted, the amortization rate, and τ is the tax rate at which interest rate payments are deductible and equal to 30 percent; the 30 percent tax deduction applies to all home owners in Sweden, regardless of their income level. In addition, the effect of changing future interest rates is explicitly addressed in the empirical sections.
The discount factor proposed here is somewhat different from the one used, for instance, by, Meese and Wallace (1994) . It is worth briefly discussing the differences, which stem from the fact that we compare co-op units with each other rather than rental apartments with owner occupied residences, as done by Meese and Wallace. Similar to Meese and Wallace, we use the mortgage rate adjusted for (income) tax deductions as the basic interest rate component in the discount rate. However, Meese and Wallace also adjust for property taxes, depreciation, and rental inflation. In our setup, property taxes are paid for by the cooperative as a whole and are not linked to the purchase prices of the individual units; rather, they are determined by the value of the entire cooperative and are thus independent of the capital structure. The depreciation term in Meese and Wallace accounts for the capital depreciation of the home-owner's property, which is a cost that is not incurred when renting. However, in the context of our application, capital depreciation does not affect the trade off between purchase prices and rents since it should be the same across units, once other factors have been controlled for. Similarly, rental inflation plays no role in our analysis. Finally, Meese and Wallace also include a risk premium on housing investments. While this could also be added to our current discount factor, its interpretation is not as straightforward since we are comparing between investments in co-ops rather than between buying and renting. However, since the personal mortgage is in a sense riskier to the home buyer than the mortgage carried by the cooperative, which has a form of limited liability attached to it from the perspective of the individual home buyer, a risk premium could be added to the discount factor. Because there is no obvious way of estimating this premium, we assume throughout the analysis that it is zero, but discuss it qualitatively at the end of Section 6.
Total Rent, Capital Costs, and Maintenance Fees
An additional empirical issue that must be dealt with is the fact that the capital cost component of the rent is not directly observed in our data; rather, we only observe the total rent, i.e. maintenance plus capital costs. Therefore, we rewrite equation (4) ( )
Thus, the coefficient in front of the total rent is still identical to the original one in front of the capital cost component, but an additional variable, i i M k , which represents the discounted value of the maintenance fee, is now present. To control for this additional term empirically, we proxy for the maintenance fee with a linear combination of the characteristics in X i . That is, under the
This effectively assumes that conditional on X i , the maintenance fee is constant. For instance, if X i represents the size of the co-op, the maintenance fee per square meter would be equal across cooperatives. More generally, potential differences in the maintenance fee across other apartment or neighborhood characteristics can also be controlled for by interacting these observable control variables (or neighborhood dummies) with the inverse of the discount rate. Empirically, however, it is evident that once we interact the square meter size of the co-op with the inverse of the discount rate, additional interaction terms (such as floor, number of floors, and parish dummies) do not alter the results. There is thus strong support for the notion that the maintenance fee per square meter is fairly constant across cooperatives in the sample. This is consistent with the nature of typical Swedish housing cooperatives, i.e. they generally have no common area rooms or other elements, such as pools or doormen, that would add variation to the maintenance fee.
Empirical Specification
The basic specification taken to the data is presented in equation (10). The dependent variable, P, is the sales price for transaction i on day t, and in parish y and zip code z.
( )
Thus, the aim of this paper is to test whether θ is significantly different from negative one. We control for a number of observable and unobservable characteristics. Specifically, A includes apartment characteristics, such as size, number of rooms, floor number, number of floors in the building, building age, and whether or not heat is included in the rent. We use quarterly dummies (Q) to control for the increasing trend in co-op prices observed nationwide over the sample period. In addition, we allow for the possibility that trends vary across geographic areas by including parish specific time trends (Parish y *T t ). In Sweden, a parish is comparable to a U.S.
county.
Of course, given the cross-sectional nature of our analysis, one must also address the concern of omitted variable bias. In particular, an omitted variable that is positively correlated with both price and rents would bias our results away from market efficiency and towards a coefficient of zero. 11 The most obvious omission is a measure of the overall standard of the apartment. Unfortunately, the available data does not include any variables, such as whether the kitchen has been renovated, that would help characterize apartment quality. We do not believe that this is as problematic as it may seem for two reasons. First, strict building codes in conjunction with thin tails in the income distribution contribute to fairly homogeneous housing standards in Sweden. Second, many indicators of standard are unlikely to be correlated with the rent; specifically, idiosyncratic upgrades done by the co-op owner, such as a kitchen renovation, would be reflected in the price of an apartment but not in the rent, as discussed previously.
Of course, not all variation in standard is idiosyncratic across units. It is certainly feasible that some cooperatives with an overall greater standard have a higher level of debt. Such overall building standard may be neighborhood specific; for instance, cooperatives in wealthy neighborhoods may be more inclined to invest money in the building to keep it in superior condition, thereby keeping rents high. To the extent that this is the case, we control for unobservable neighborhood characteristics in two ways. First, we control for parish dummies, Parish y . However, it is certainly possible that neighborhood characteristics vary within a parish.
Thus, our preferred specifications also include neighborhood fixed effects in the form of zip code dummies, Zip z . There are 77 parishes and 1,081 zip codes in our data. For each transaction, the following data are recorded: the transaction date, the actual sales price, the annual rent, the size of the apartment measured in square meters, the number of rooms, the apartment's floor number, the number of floors in the building, the build year, and whether heating is included in the rent. 13 In addition, the address of the apartment, including the zip code and parish, and the name of the co-op in which it is sold are reported. The average annual rent is 37,629 SEK across all cities. Compared to the price, there is much less variation in the annual rent across cities and over time; the average annual rents in the first and last quarters, respectively, are 37,307 SEK and 37,232 SEK. To calculate the present value of future rent payments, we rely on the mortgage rate as of the transaction date. This is measured as the average of the five-year rates from three different lenders (SBAB, Nordea, and Stadshypotek); the average mortgage rate faced by purchasers in our sample is 4.8 percent and decreases substantially over the sample period from 6.7 percent, on average, in the first quarter to 3.6 percent in the final quarter. Assuming no amortizations, the average present discounted value 13 In Sweden, 'number of rooms' refers to the number of rooms besides the kitchen and bathroom. So, a one-room apartment is a studio, a two-room apartment is a one bedroom, etc. Number of bathrooms is not reported in the data; but, this is largely a reflection of the lack of emphasis placed on bathrooms in the market.
of annual rent payments is 1,150,926 SEK. Thus, the present value of future rent payments is not an inconsequential amount; on average, it almost equals the purchase price.
14 The average apartment in the entire sample is 66 square meters and two room apartments are the most common. Overall, 73 percent of the co-ops include heat in the rent. Seven mutually exclusive variables are created to indicate the age of an apartment, where the age is defined to be the transaction year minus the build year. Overall, 5.2 percent of the units are less than 10 years old and about two-thirds of the units are more than 50 years old. As seen in columns (1) and (2) of Panel 1, the estimated rent coefficient is equal to -0.61 when zip code fixed effects are not included and equal to -0.56 with zip code fixed effects.
Empirical Results
Baseline Results
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That is, on average, increasing the present value of the annual rent by 100 SEK decreases the 14 As stated previously, we do not directly have data on the size of the capital component of the rent. To give a ballpark estimate of the present value of the capital cost component by itself, one can assume a maintenance fee of 350 SEK per square meter; this appears to be a reasonable estimate based on annual statements from Swedish cooperatives. In this scenario, the average discounted value of the capital component of the rent is 448,351 SEK, which is still almost 40 percent of the average sales price. As discussed previously, however, our empirical analysis is based on the total rent and not this back-of-the-envelope calculation.
transaction price by 56 to 61 SEK. Thus, the results so far strongly reject the efficient market hypothesis. Given the concerns about omitted variables, our preferred specification includes zip code fixed effects to control for neighborhood unobservables. Including zip code fixed effects does not decrease the precision of the estimates; in fact, the standard errors actually decrease somewhat (from 0.03 to 0.02).
Rent Changes
We continue the analysis by assessing the sensitivity of these baseline estimates to relaxing the assumptions that future rents and mortgage rates will not change. Specifically, Panels 2 and 3 of Table 2 assume an annual rent decrease or, equivalently, amortization rate of one and two percent, respectively. Intuitively, and as is evident from the discount formula presented in equation (7), rent decreases will result in a lower present value of future rents; therefore, θ must increase in absolute value. With zip code fixed effects included, assuming a one percent amortization rate results in a rent coefficient of -0.74 that is highly significantly different from minus one. Increasing the amortization rate to two percent brings the rent coefficient much closer to minus one, although the point estimate of -0.92 is still significantly different.
As is evident, decreasing rents or amortizations can substantially impact the results; it is therefore important to identify the value of a realistic amortization rate. To get a sense of this, we examined the annual statements from 125 cooperatives in Gothenburg and recorded the amortization rate of their loans as well as the change in overall rents. 16 The results are shown in Table 3 . The average change in overall rent from one year to the next for the 125 cooperatives is 1.2 percent; this is very similar to the average annual increase in rent per square meter of 1.3 percent observed in our primary data. As is seen from the percentiles of the rent changes, very few of these 125 cooperatives lower their rents, although more than half keep their rents fixed for the year of the annual statement. As discussed previously, short term rent changes may not reflect expected longer term patterns that might result from persistent annual amortization of the cooperatives' loans. The average amortization rate is 1.7 percent, although this may be somewhat misleading since the median rate is only 0.53 percent. The high average is driven by a few large amortizations, which were primarily the results of some windfall gain for the cooperative, such as the conversion and sale of previous rental apartments. These high amortization rates are therefore almost exclusively one time events and do not represent long term averages. The final row in the table gives the statistics for those cooperatives that amortized between zero and five percent of their loans, and for which the average amortization rate is 0.71 percent.
Therefore, based on a reading of the annual statements, we believe that a long-term average amortization rate closer to one percent (and probably even lower than one percent) is more realistic than a two percent rate. That is, the results in Panel 2 of Table 2 should provide the most accurate estimated rent coefficient (i.e. -0.74).
A separate issue that is also related to rent changes is whether co-ops with relatively low rents today have some unobservable characteristics that make them more likely to have higher rents in the future. For example, low rents today may signal that renovations have not recently taken place and are thus more likely to occur in the near future. If this is true, then we are clearly underestimating the magnitude of the coefficient since low rent apartments will seem more attractive to the researcher than to the actual homebuyer, who can infer that rents are likely to increase in the future. Of course, whether or not this is actually an issue in our empirical analysis depends on whether homebuyers take such potential rent increases into account.
We test this by taking advantage of the fact that our data contains multiple transactions within the same cooperative. We identify a subset of cooperatives that potentially incurred significant renovations over the sample period, as proxied for by those cooperatives with large rent increases between the first and last observed transactions. Specifically, we observe 602 cooperatives in which the annual rent per squared meter increased by more than 15 percent, 384
cooperatives in which it increased by at least 20 percent, and 253 cooperatives in which it increased by at least 25 percent. We then estimate equation (10), excluding parish specific time trends and zip code fixed effects, separately for these sub-samples of first and last transactions.
The estimated rent coefficients are presented in Table 4 .
17
If such renovations and subsequent rent increases are fully anticipated, then the rent coefficients for the post-renovation transactions should be less biased since the researcher and homebuyer have more similar information than in the pre-renovation transactions. Hence, the post-renovation coefficients should be closer to minus one. However, the estimates shown in Table 4 indicate the exact opposite. For instance, when considering the sample of cooperatives with a 15 percent or more rent increase, we find that the estimated rent coefficient decreases in magnitude from -0.70 for the pre-renovation transactions to -0.46 for the post-renovation transactions. The same pattern of results is seen for the cooperatives with 20 and 25 percent rent increases, though the estimates become more imprecise due to the decreased sample sizes. Thus, there is little evidence that this kind of rent increase is anticipated and that our empirical analysis would be biased by omitting expectations about future renovations and subsequent rent changes.
Interest Rate Changes Over Time
The interest rate used in the discount formula, which is equal to the five-year mortgage rate, obviously has a large effect on the present value of the discounted rent. 18 The interest rate is fairly low during parts of the sample, particularly towards the end (3.6 percent during the last quarter); this is most likely well below what can be expected over the long-run. Thus, there might be some concern that our findings can be explained by expectations about interest rates increasing in the future, which would reduce the present value of future rent payments.
A first diagnostic of the validity of these concerns is to see if the rent coefficient changes dramatically over the sample period. If the evidence of market inefficiency is due to a failure to account for expectations about high future interest rates, we would expect the rent coefficient to be closer to efficiency at the beginning of the sample, where the interest rate is closer to a longrun average. Although not shown here, estimating equation (10) quarter by quarter indicates that the rent coefficient does not change systematically over time. Thus, the results are not driven by lower discount rates at the end of the sample.
Alternatively, we can estimate the implied interest rate for each quarter that is consistent with market efficiency. That is, we set θ = -1, and treat the interest rate as the free parameter to be estimated. We still assume a 30 percent tax-deduction, but that there is no amortization. For each quarter, Figure 2 plots the actual five-year rate as well as two estimates of the implied 18 The five year fixed-rate mortgage interest rate that we use should be a conservative (high) estimate of the interest rate facing the home buyer at the time of the purchase, given that most home buyers in Sweden take at least a part of their loans with a floating rate. For instance, according to the mortgage lender SBAB's website (www.sbab.se), less than 10 percent of their loans have interest rates that are fixed for five or more years. In fact, 69 percent of their loans have floating rates; these statistics are for July 2006.
interest rate. The first estimate shows the implied interest rate that would have to prevail in all future periods in order for market efficiency to hold. The second estimate is the implied rate necessary in all periods after the first five years, assuming that the current five-year rate is used to discount during the initial five years. On average, the implied rate is about three percent higher than the five-year mortgage rate in each quarter, and ranges from about 10 percent in the first quarter to six percent in the last. Apart from a couple of outliers, which are most likely due to less precision in the quarterly estimates, the implied interest rate when the current five-year rate is used for the first five years is substantially higher and varies between approximately 16 and 10 percent.
Though five-year fixed rate loans are available, many home buyers still choose floating interest rates. It is therefore reasonable to assume that most of the uncertainty (and risk-aversion) regarding future interest rates is beyond the five-year horizon; that is, we can view the five-year rate as a conservative (i.e. high) expectation of rates for the first five years. Otherwise, the fixed rate loan would be more frequently used. Based on the implied interest rate beyond the five year horizon, it is clear that home buyers would have to have very risk-averse beliefs regarding the path of future interest rates to justify the lack of market efficiency found thus far.
Finally, it should be stressed that future increases in the interest rate are likely to be associated with increases in the capital cost part of the rent, since this also reflects interest rate payments. Thus, future increases in the interest rate are likely to be more or less offset by increases in the rent, leaving the present value of future discounted rents fairly unchanged.
Consequently, our analysis may be less sensitive to changing interest rates than it appears at first glance.
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Liquidity Constraints and Heterogeneous Discount Rates Across Agents
The results described above are hard to reconcile with an efficient market where all agents at a given point in time face the same discount rate. In reality, however, some buyers may face a higher marginal discount rate as a result of being liquidity constrained and having to take out a larger fraction of the price as a loan. For instance, most lending institutions charge a higher marginal rate of interest (i.e. a top loan) if the buyer does not provide a certain percentage in down payment. A survey of Swedish lending institutions suggests that top loans are provided at a one to two percentage point higher rate than the floating mortgage rates offered. Although we have no information on actual buyers, certain groups, such as poorer buyers or first time buyers, are more likely to be liquidity constrained than others.
Therefore, this section allows those most likely to be liquidity constrained to face a higher mortgage rate and assesses the impact of this on estimates of market efficiency. We proxy for buyer liquidity with apartment size and assume that the buyers of the smallest apartments face the greatest constraints and those of the largest face few to none. Table 5 presents the results of estimating equation (10) for various sub-samples based on apartment size. The results in the first row assume a one percent amortization rate to calculate the present value of rents while the second row additionally assumes a two percent markup on the 5-year mortgage rate used in our baseline analysis. This is likely to be a very conservative markup, i.e. resulting in a high interest rate, given: (i) the range seen in markups for top loans, (ii) that we are applying the markup to all buyers within a group, and (iii) that the five year rate used here may be conservative to begin with since most loans are floating (see footnote 18).
20
The results presented when there is no markup (row 1) indicate that the estimated rent coefficient is further from efficiency for buyers in smaller apartments. In particular, the estimated coefficient for the bottom size decile is equal to -0.39 and increases in absolute value as apartment size increases, such that it is equal to -0.70 for the top decile. If one assumes that the buyers of these largest apartments face minimal liquidity constraints, then it is hard to argue that liquidity constraints can be the sole explanation for our findings of inefficiency.
However, row 2 of Table 5 indicates that liquidity constraints can explain some of the inefficiencies observed at the lower end of the market. When using the two percent markup, the estimated rent coefficients naturally get closer to minus one. While we apply this markup to apartments of all sizes in row 2, this is not a realistic scenario. In practice, such a markup would be most relevant for the smallest apartments and least relevant for the largest. Specifically, we find an estimated rent coefficient of -0.52 for the bottom decile. Thus, even when allowing for this conservative top loan, there is still strong evidence of inefficiency. Liquidity constraints may, therefore, explain some efficiency differences across buyer group; but, it does not account for the overall inefficiencies seen in the market.
Heterogeneity Across Parishes and Correlates of Efficiency
To further understand potential sources and explanations of inefficiency, we estimate equation (10) with the estimated least squares relationship. All six graphs tell the same basic story. The estimated rent coefficient gets closer to minus one as wealth or income increases. Table 6 reinforces these observations by grouping the parishes into two samples, most and least efficient, and comparing measures of socioeconomic status: the amount of education, average income and wealth, and the income distribution. 21 The first four columns compare parishes with rent coefficients below (more efficient or closer to minus one) and above (less efficient) the median point estimate. The last four columns look at parishes in the most and least efficient quartiles. Of note is that the differences in the education and income variables across the two groups are both statistically and economically significant. On average, 14 percent more of the population has attended college in the relatively more efficient parishes; this gap increases to 22 percent when comparing parishes in the top and bottom quartiles. Average income and wealth are also significantly higher in more efficient parishes; for instance, average net wealth, including the value of housing, is more than 500,000 SEK greater when comparing the top and bottom quartiles. Thus, Table 6 indicates that there are significant differences in socioeconomic characteristics between parishes that, on average, more accurately discount the rent. In general, these parishes are more educated and have greater wealth and income.
These findings are consistent with multiple hypotheses. One possibility is that of liquidity constraints, as described in the previous section. One would expect buyers in poorer, less educated parishes to be more constrained and more likely to face marked up interest rates.
Alternatively, these findings also line up well with a scenario of more 'sophisticated' buyers in higher educated, wealthier markets who push prices towards efficiency. To try to further distinguish between these two hypotheses, we group the data jointly according to both apartment size (as in Table 5 ) and education level. Specifically, we rank the parishes' education level, measured by the percent with college as the highest education; high educated parishes are those with an education level above the median. Panel A of Table 7 presents the results for the loweducated parishes and Panel B for the high-educated parishes. Two distinct patterns stand out.
First, the estimated rent coefficient increases almost monotonically from the smallest to largest apartment groups for both low-and high-educated parishes. Second, for any given apartment size, the estimated rent coefficient is closer to minus one, sometimes substantially so, in the higher-educated parishes. Thus, to the extent that apartment size proxies for liquidity and parish education level proxies for 'sophistication', these results provide evidence that both of the above hypotheses are relevant to explain our findings.
The above findings are also consistent with Campbell (2006), who analyzes household decisions regarding financial matters, and finds that a minority of households make significant investment mistakes and that this group tends to be poorer and less well educated than the majority of more successful investors. More generally, Campbell (2006) and Sodini (2007, 2008) document that higher-educated and wealthier households are more likely to satisfy the predictions of standard financial models.
Lastly, our analysis implicitly assumes that agents are risk neutral in their decision making. Risk-averse agents may prefer, and thus pay a premium for, co-ops with lower sales prices and higher rents since the owner of a co-op faces a limited liability on the loans taken out by the cooperative; in the case of a failure to meet his rent obligations, the unit will be returned to the cooperative. On his personal mortgage, on the other hand, there is no limited liability.
Thus, if the prices of co-ops reflect such preferences, which would enter into our discount formula as a risk premium on housing investment, they may be the outcome of an efficient market process.
All of the scenarios described above can potentially account for some or all of the inefficiencies uncovered in our analysis. However, these explanations would seem to be most valid at the lower end of the market and appear less convincing in explaining inefficiencies at the higher end of the market. Yet, the efficiency hypothesis is rejected in the overwhelming majority of parishes, even those that are characterized by high income, suggesting that there is a systematic failure to fully discount rent differences.
Conclusion
We test for efficiency in housing markets using a new and novel approach. We capitalize on the fact that only part of the true price of a co-op is captured by the actual sales price, with the rest paid through monthly rents that reflect the underlying debts of the cooperative. There is thus a simple present value relationship between co-op sales prices and rents. Using hedonic price regressions, we find that, on average, higher rents are not fully compensated for by lower prices.
Under realistic assumptions regarding future interest and amortization rates, a 100 SEK increase in the discounted value of future rent payments yields a reduction in the sales price of about 75 SEK. A number of explanations are discussed throughout the paper for the findings of inefficiencies. Though our data does not allow us to explicitly test one hypothesis versus another, there are strong indications that at least some of the inefficiencies are due to a fundamental failure to properly compare future rent payments with up front costs at the time of purchase.
In most markets, one would expect inefficiencies to be exploited by investors and arbitraged away over time. This is less likely to be true in the current context since owners of Swedish co-ops are not allowed to rent out their apartments, thereby preventing speculators from entering this market. Thus, the inefficiencies found in this paper can only be taken advantage of by 'smart' buyers who realize that lower rent apartments are, in general, of better value, and the market may therefore only slowly converge towards efficient pricing. 89 Robust standard errors that are clustered at the parish level are in parentheses. * indicates significance at the 10% level, ** at the 5% level, *** at the 1% level. For the PV Annual Rent coefficient, the *'s indicate a significant difference from minus one; for all other coefficients, the *'s indicate a significant difference from zero. The discount rate in Panel 1 is calculated using a 30% tax deduction. In panels 2 and 3, respectively, amortization rates of 1% and 2% are also included. Columns (1) and (2) of each panel estimate equation (10) when excluding and including zip code fixed effects, respectively. The omitted category for number of rooms is 5 or more rooms and for apartment age is < than 10 years old. Robust standard errors in parentheses. * indicates significantly different from minus one at 10% level; ** indicates significantly different from minus one at 5% level; *** indicates significantly different from minus one at 1% level. We cannot directly observe which cooperatives underwent renovations. However, we proxy for this by considering those cooperatives that had a large increase in the annual rent per square meter between the first and last transactions (i.e. a 15%, 20% or 25% increase). We then use the sub-samples of first and last transactions to estimate our basic model. Specifically, each cell presents the coefficient on the present value of annual rents that result from estimating equation (10) when excluding parish specific time trends and zip code fixed effects. All specifications still include controls for apartment size (as a quadratic), dummy variables indicating the number of rooms, dummy variables indicating the age of the building, the floor of the apartment, the number of floors in the building, whether heat is included in the rent, and apartment size over the discount rate. The discount rate takes into account the 30 percent tax deduction in all specifications. (10) for the sub-sample denoted at the top of each column with zip code fixed effects, parish specific time trends, and the full set of observable controls: apartment size (as a quadratic), dummy variables indicating the number of rooms, dummy variables indicating the age of the building, the floor of the apartment, the number of floors in the building, whether heat is included in the rent, and apartment size over the discount rate. The discount rate used in PV Annual Rent (1) takes the tax deduction and an amortization rate of 1 percent into account. PV Annual Rent (2) accounts for the tax deduction, 1 percent amortization, and a 2 percent top loan. Note -The first group of columns looks at average socioeconomic characteristics for parishes with the estimated rent coefficient above and below the median. The last four columns compare those parishes in the top and bottom quartiles. Rankings are based on coefficient estimates resulting from estimating equation (10), with zip code fixed effects, separately for each parish with more than 50 transactions in the sample; the discount rate accounts for the 30 percent tax deduction and assumes a one percent amortization rate. Bolded test statistics indicate differences that are significant at the 5 percent level. 91 Robust standard errors that are clustered at the parish level are in parentheses. * indicates significantly different from minus one at 10% level; ** indicates significantly different from minus one at 5% level; *** indicates significantly different from minus one at 1% level. Each cell presents the coefficient on the present value of rents that results from estimating equation (10) for the sub-sample denoted at the top of each column. Panel A includes the sample of least educated parishes, as measured by college education; that is, it includes only those parishes with less than the median amount of college attendance. Panel B includes the sample of more educated parishes; i.e. with more than the median amount of college attendance. Each specification includes zip code fixed effects, parish specific time trends, and the full set of observable controls: apartment size (as a quadratic), dummy variables indicating the number of rooms, dummy variables indicating the age of the building, the floor of the apartment, the number of floors in the building, whether heat is included in the rent, and apartment size over the discount rate. The discount rate takes the tax deduction and an amortization rate of 1 percent into account. Note -This figure presents the actual average interest rate for each quarter as well as two estimates of the interest rate necessary to achieve market efficiency. We estimate the implied measures from quarterly regressions, which still include zip code fixed effects, that assume market efficiency (i.e. that set θ = -1) and treat the interest rate as the free parameter. The first estimate, labeled 'Implied Interest Rate', is the interest rate necessary in all future periods to achieve efficiency. The second estimate, labeled 'Post 5 Year Implied Interest Rate', is the interest rate necessary in all periods after the first five years to achieve efficiency; we assume that the buyer discounts at the current 5-year fixed rate during the initial five years. Note -Parishes are ranked from low to high on the x-axis according to the characteristics listed at the top of each figure: average disposable gross labor income or average asset value. Panel A plots the average cumulative rent coefficient; that, is the first point represents the estimated rent coefficient for the lowest ranking parish, the second point is the average coefficient for the two lowest parishes, etc. Panel B plots a 10 parish moving average of the rent coefficient. Panel C plots the actual point estimates for each parish; the solid line is the estimated least squares relationship and the dashed line is equal to minus one. Rent coefficients result from estimating equation (10), with zip code fixed effects, separately for each parish with more than 50 transactions in the sample; the discount rate accounts for the 30 percent tax deduction and assumes a one percent amortization rate.
